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1  . INTRODUCTION 

There a r e  approx imate ly  2 300 road b r idges  i n  
Western A u s t r a l i a  w i t h  a t o t a l  deck area o f  
414 240 m2. U n t i l  t h e  d iscovery  o f  g o l d  towards 
the  end o f  the  n ine teen th  cen tu ry  se t t l ement  i n  
Western A u s t r a l i a  was c o n f i n e d  a lmost  e n t i r e l y  
t o  t h e  South West o f  t h e  S ta te  where good 
q i ~ a l i  t y  hardwood was p l e n t i f u l  and t imber  was 
used e x c l u s i v e l y  i n  t h e  c o n s t r u c t i o n  o f  b r idges  
u n t i l  t he  1920's .  The use o f  t imber  has 
cont inued i n  t h i s  area o f  t h e  S t a t e  and t imber  
b r idges  a re  s t i l l  be ing  cons t ruc ted  on a l l  
c lasses o f  road. The d i s t r i b u t i o n  o f  t imber  and 
o t h e r  types o f  b r idges  on t h e  v a r i o u s  c lasses  o f  
roads i s  shown i n  Table I. 

The amount o f  t imber  b r i d g i n g  cons t ruc ted  i n  
recen t  years as a percentage o f  t o t a l  b r i d g e  
deck area has decl ined, .main ly  because new 
b r i d g e  c o n s t r u c t i o n  has been concentrated i n  t h e  
n o r t h  o f  t h e  S t a t e  and i n  t h e  Per th  Metropol i t a n  
area where s tee l  and concre te  a r e  now used 
e x c l u s i v e l y .  Despi te  t h i s  44% o f  t o t a l  b r i d g i n g  
i n  Western A u s t r a l i a  i s  s t i l l  t imber  and 
t h e r e f o r e  comprises a very s i g n i f i c a n t  p a r t  o f  
the  t o t a l  b r i d g e  asset.  

2. HISTORY OF TIMBER BRIDGE CONSTRUCTION 

2.1 The Convic t  Era 1850-1886 

Up u n t i l  1850 l e s s  than t e n  b r idges  o f  any s i z e  
were b u i l t  i n  t h e  co lony.  I n  June 1850, 

f o l l o w i n g  a reques t  by t h e  s e t t l e r s  t o  the  
B r i t i s h  Secre ta ry  o f  State,  t h e  f i r s t  s h i p l o a d  
o f  c o n v i c t s  a r r i v e d  and were f o l l o w e d  i n  
December 1851 by t h e  20th Company o f  Sappers 
and Miners. The a r r i v a l  o f  t h e  c o n v i c t s  and 
t h e  detachment o f  Royal Engineers marked t h e  
s t a r t  o f  r e a l  progress i n  road  and b r i d g e  
c o n s t r u c t i o n  i n  .the co lony.  I n  t h e  twel  ve 
years  up t o  1862 t h e r e  was a c o n v i c t  l a b o u r  
f o r c e  o f  approx imate ly  one thousand men and i n  
t h a t  t ime  they were respons ib le  f o r  the  
c o n s t r u c t i o n  o f  239 br idges,  543 c u l v e r t s  and 
563 m i l e s  o f  road. T h i s  was i n  a d d i t i o n  t o  t h e  
many pub1 i c  b u i l d i n g s  they cons t ruc ted .  

Dur ing t h i s  p e r i o d  the  des ign o f  b r i d g e s  became 
standard ised.  Main spans over  permanent water  
were g e n e r a l l y  30 f e e t  l o n g  and cons t ruc ted  
u s i n g  Queen Post  t russes.  Approach spans were 
15 f e e t  long,  o f t e n  u s i n g  round t imber  
s t r i n g e r s .  The subs t ruc tu res  c o n s i s t e d  o f  
d r i v e n  round t imber  p i l e s  suppor t ing  a 
framework o f  heavy t imber  t o  c a r r y  t h e  
superst ructure. .  

2.2 The Publ i c  Works Department Era 1886-1926 

The c o n v i c t  system was disbanded i n  1886 and 
c o n s t r u c t i o n  o f  b r idges  on p u b l i c  roads became 
t h e  responsi  b i l  i t y  o f  t h e  Publ i c  Works 
Department. The designs f o r  t imber  b r i d g e s  
were s tandard ised even f u r t h e r  and became l e s s  

TABLE I 

DISTRIBUTION OF BRIDGES I N  WESTERN AUSTRALIA 

ROAD CLASSIFICAT1,ON 

TYPE OF Nat iona l  S t a t e  Highways Secondary and T o t a l s  f o r  a l l  
BRIDGE Highways and Main Roads U n c l a s s i f i e d  Roads Roads 

No o f  Deck Area No o f  Deck Area No o f  Deck Area No o f  Deck Area 
Br idges m2 Br idges m2 Br idges m2 Br idges m2 

- 
TIMBER 16 5 350 31 9 67 010 1 251 1 1 1 5 5 0  1 5 8 6  1 8 3 9 1 0  

STEEL & CONCRETE 68 25 280 241 152 240 386 52 810 695 230 330 

ALL BRIDGES 84 30 630 560 219 250 1 637 164 360 2 281 414 240 



e l a b o r a t e  than some o f  t h e  e a r l  i e r  b r idges .  
They were mos t l y  founded on round t imber  p i l e s  
d r i v e n  i n t o  t h e  r i v e r  bed b u t  by t h i s  t ime  
development was moving away f rom areas o f  
n a t u r a l  f o r e s t  and masonry p i e r s  were used where 
t imber  was scarce. The supers t ruc tu res  
cons is ted  o f  12  i n c h  by 6 i n c h  sawn t imber  
s t r i n g e r s  spaced 3 f e e t  a p a r t  and spanning 
20 f e e t .  The deck was formed by t ransverse  deck 
p lanks sp iked  o r  n a i l e d  t o  the  t imber  beams. 
These b r i d g e s  were designed t o  c a r r y  a s i x  and 
t w o - t h i  r d s  t o n  a x l e  load.  

I 2.3 The Main Roads Department Era 1926 - 
Present  Day 

I n  1926 a  din Roads Board was formed t o  take 
over r e s p o n s i b i l i t y  f o r  pub1 i c  roads f rom t h e  
P u b l i c  Works Department and i n  1930 t h i s  became 
t h e  p resen t  Main Roads Department. B r idge  
l o a d i n g  was i n i t i a l l y  increased f rom a s i x  and 
t w o - t h i r d s  t o n  a x l e  l o a d  t o  a 10  t o n  a x l e  l o a d  
by reduc ing  spans f rom 20 f e e t  t o  15 f e e t ,  
i n c r e a s i n g  the  s i z e  o f  sawn t imber  s t r i n g e r s  t o  
12 i n c h  by 7 i n c h  and reduc ing  t h e i r  spacing t o  
2 fee t .  I n  1928 t h e  Department made a major  
change i n  t h e  des ign o f  t imber  b r i d g e s  by 
rep1 ac ing  sawn t imber  s t r i n g e r s  w i t h  round 
t imber  s t r i n g e r s  hav ing a mi d-span diameter o f  
18  inches. Th is  enabled spans t o  be inc reased  
t o  20 f e e t  b u t  t h e  des ign l o a d  remained a 10  t o n  
a x l e  u n t i l  1945. 

I n  1945 t h e  American AASHO l o a d i n g  o f  a  20 t o n  
t r u c k  (HS20) was adopted as s tandard and t h i s  
r e q u i r e d  another  change i n  design. The mid-span 
diameter o f  round s t r i n g e r s  was inc reased  f rom 
18 inches t o  21 inches and the  s i z e  o f  sawn 
t imber  ha l f caps  which suppor t  t h e  s t r i n g e r s  a t  
t h e  t o p  o f  d r i v e n  p i l e s  were inc reased  f rom 12 

inches by 6 inches  t o  14  inches by 7 inches.  
This  des ign has remained i n  use up t o  t h e  
p resen t  t i m e  and has proved adequate t o  c a r r y  
t h e  c u r r e n t  T44 and A10 highway l o a d i n g s  
in t roduced  by t h e  Nat iona l  Assoc ia t ion  o f  
A u s t r a l i a n  S t a t e  Road A u t h o r i t i e s  (NAASRA) i n  
t h e i r  B r idge  Design S p e c i f i c a t i o n  o f  1976. 

2.4 E a r l y  Br idges Over The Swan R i v e r  

Two major  t imber  b r idges  were b u i l t  over  t h e  
Swan R i v e r  d u r i n g  t h e  e a r l y  years  o f  t h e  
colony, one a t  t h e  P e r t h  Causeway and t h e  o t h e r  
a t  Nor th  Fremantle. Both a r e  o f  i n t e r e s t  and 
i l l u s t r a t e  the  ease w i t h  which t imber  b r i d g e s  
can be m o d i f i e d  t o  s u i t  changing t r a f f i c  
requirements. 

2.4.1 Causeway Br idge  

The s i t e  chosen f o r  the  f i r s t  Causeway Br idge  
was t h e  Causeway F l a t s ,  a  wide sha l low s e c t i o n  
o f  t h e  Swan R i v e r  a t  the  eas te rn  end o f  P e r t h  
where a number o f  channels f l owed between low 
i s lands .  Work commenced on two low l e v e l  
s t r u c t u r e s  spanning t h e  main r i v e r  channels i n  
1840 and was completed i n  May 1843. A drawing 
prepared i n  1839 by t h e  Surveyor General, J S 
Roe shows each channel b r i d g e d  by two 30 f e e t  
span Queen Post t russes  b u t  few o t h e r  d e t a i l s  
a r e  recorded. 

The b r i d g e  was overtopped by a l a r g e  f l o o d  i n  
1862 and p a r t s  o f  t h e  s u p e r s t r u c t u r e  were 
washed away. The b r i d g e  was then  recons t ruc ted  
by r a i s i n g  t h e  deck severa l  f e e t  and p r o v i d i n g  
a t h i r d  b r idge .  A d e t a i l  o f  one o f  t h e  Queen 
Post  t r u s s e s  used i n  t h i s  work i s  shown i n  
F i g u r e  1 . 

1 FIGURE 1 - DETAIL OF TRUSS USED FOR 1866 RECONSTRUCTION OF CAUSEWAY BRIDGE 
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FIGURE 2 - NORTH FREMANTLE BRIDGE 

The recons t ruc ted  Causeway c r o s s i n g  was opened 
i n  November 1867. It was widened i n  1903 t o  
c a r r y  t ram l i n e s  on t h e  upstream s i d e  and a 
f u r t h e r  10  f e e t  widening was added t o  t h e  
downstream s i d e  i n  1933. The t imber  s t r u c t u r e  
was f i n a l l y  rep laced  by t h e  p resen t  s t e e l  and ~ conc re te  composite s t r u c t u r e  i n  1952, a f t e r  a  
t o t a l  l i f e  o f  109 years.  

2.4.2 Nor th  Fremantl e  Br idge  

The ' l a r g e s t  o f  t h e  e a r l y  t imber  b r idges  and t h e  
one most d i f f i c u l t  t o  c o n s t r u c t  was the  Nor th  
Fremantle Br idge which was commenced i n  May 1863 
and opened i n  November 1867. It was t h e  l a s t  
major  b r i d g e  t o  be b u i l t  us ing  c o n v i c t  l abour .  
The b r i d g e  had a t o t a l  l e n g t h  o f  940 f e e t  and 
c o n s i s t e d  o f  two n a v i g a t i o n  spans each o f  45 
f e e t  and 33 o t h e r  spans v a r y i n g  between 25 f e e t  
and 26 f e e t  i n  span. The w i d t h  o f  the  roadway 
on t h e  b r i d g e  was 18  f e e t  and a t  t h e  n a v i g a t i o n  
spans t h e  b r i d g e  was 44 f e e t  above h i g h  water  
l e v e l .  An e l e v a t i o n  and p l a n  o f  t h e  b r i d g e  i s  
shown i n  F i g u r e  2. 

The b r i d g e  was founded on 319 t imber  p i l e s  and 
except  f o r  the  n a v i g a t i o n  spans, these were 
braced 1 ongi  t u d i  na l  l y  approx imate ly  14  f e e t  
above h i g h  water  l e v e l .  The j u n c t i o n  between 
t h i s  b r a c i n g  and t h e  p i l e s  was then used as 
s p r i n g i n g  p o i n t  f o r  s l o p i n g  props which 
supported t h e  deck s u p e r s t r u c t u r e  a t  the  t h i r d  
p o i n t  o f  each span. A t  t h e  n a v i g a t i o n  spans t h e  
s u p e r s t r u c t u r e  was s t i f f e n e d  w i t h  two Queen Post  
t russes  p r o j e c t i n g  above t h e  deck on each s i d e  
o f  t h e  b r idge .  T h i s  was a s tandard t ype  o f  
c o n s t r u c t i o n  used i n  t h e  co lony a t  t h a t  t ime. 

I n  t h e  e a r l y  1890's  the  b r i d g e  was r e p o r t e d  t o  
be unsafe and i n  1892 a l o a d  1 i m i t  o f  1  1 /4 tons 
was p laced on t h e  s t r u c t u r e .  A w ider  b r i d g e  was 
b u i l t  on t h e  downstream s i d e  i n  1898 b u t  a t  a  
much lower  l e v e l  and t h e  01 d b r i d g e  was c losed  
t o  a l l  except  pedes t r ian  t r a f f i c .  I n  1908 t h e  
l o c a l  a u t h o r i t y  wished t o  extend t h e  Fremantle 
tramway system across t h e  r i v e r  t o  Nor th  
Fremantle b u t  the  newer low l e v e l  b r i d g e  was a t  
t h e  wrong l e v e l .  A c a r e f u l  underwater 
i n s p e c t i o n  was made o f  t h e  o l d  h i g h  l e v e l  b r i d g e  
and o u t  o f  t h e  319 p i l e s  306 were sound and o n l y  
13  had some de fec t .  The s u p e r s t r u c t u r e  o f  t h e  
o l d  b r i d g e  was t h e r e f o r e  c u t  down t o  remove t h e  
hump and t h e  b r i d g e  widened t o  c a r r y  road 
t r a f f i c  as w e l l  as trams. The low l e v e l  b r i d g e  
was removed and t h e  o l d  h i g h  l e v e l  b r i d g e  
con t inued  i n  s e r v i c e  u n t i l  1939, when i t  was 
rep laced  w i t h  t h e  p r e s e n t  t imber  b r idge ,  a  t o t a l  
l i f e  o f  73 years.  

3. CURRENT STANDARD PRACTICE 

3.1 Standard Design 

The standard des ign  o f  t imber  b r i d g e  b u i l t  i n  
Western A u s t r a l i a  has been evolved over  many 
years  and e s s e n t i a l l y  c o n s i s t s  o f  a  s e r i e s  o f  
s imply  suppor ted spans connected by a 
cont inuous deck. A c ross -sec t ion  o f  t h e  deck 
toge ther  w i t h  an e l e v a t i o n  o f  t h e  p i e r  i s  shown 
a t  F i g u r e  3 and a l o n g i t u d i n a l  e l e v a t i o n  and 
s e c t i o n  i s  shown a t  F i g u r e  4. 
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FIGURE 3 - CROSS-SECTION OF STANDARD 
TIMBER BRIDGE 

3.1.1 Subs t ruc tu re  

The s u b s t r u c t u r e  norma l l y  c o n s i s t s  o f  d r i v e n  
round t imber  p i l e s  connected i n t o  a p i e r  by 
h o r i z o n t a l  sawn t imber  h a l f c a p s  which suppor t  
t h e  s t r i n g e r s  and corbe ls .  P i l e  dimensions a r e  
r e q u i r e d  t o  be w i t h i n  t h e  f o l  1  owing 1 i m i  t s :  

Crown d iameter  300mm min t o  400mm max 
B u t t  d iameter  5 0 h  min t o  7 0 h  max 

Where p i l e s  i n  a p i e r  extend more than  3.0 m 
above ground 1 a t e r a l  b r a c i n g  i s  p r o v i d e d  



cons i s t i ng  o f  hor izonta l  walers and diagonal At  abutments the s t r i nge rs  are seated d i r e c t l y  
braces. At  abutments the p i l e s  are sheeted wi th-  on the hal fcaps bu t  over p i e r s  a sho r t  length  o f  
t imber t o  r e t a i n  b a c k f i l l  i n  the approach round t imber known as a corbel i s  placed across 
embankments as shown a t  Figure 5. This sheeting the two halfcaps t o  support adjacent s t r i nge rs  
i s  suscept ib le t o  te rmi te  a t tack  and i t  i s  now from each span. This form o f  const ruc t ion  
standard p rac t i ce  t o  t r e a t  the adjacent f i l l  minimises d i f f e r e n t i a l  movement between 
w i t h  a te rmid ic ide  such as A l d r i n  o r  Heptachlor. s t r i nge rs  o f  adjacent spans and provides some 

Longitudinal Elevation Longitudinal Section 

FIGURE 4 - LONGITUDINAL ELEVATION AND SECTION OF STANDARD TIMBER BRIDGE 

3.1 .2 Superstructure 

The main s t ruc tu ra l  members i n  the 
superstructure are the round t imber s t r ingers .  
Standard spans o f  6 . h  and 7 . 9 1  are used and 
s t r i n g e r  dimensions f o r  each o f  these are as 
fo l low:  

6.0m Span 7.5m Span 

Min crown diameter 520mm 520mm 
Min mid-span diameter 530mm 580mm 
Max b u t t  diameter 600mm 650mm 

degree o f  con t i nu i t y  f o r  l i v e  loads. Account i s  
taken o f  t h i s  i n  the design o f  the halfcaps by 
d i s t r i b u t i n g  maximum 1 i v e  1 oad e f f e c t s  t o  both 
hal fcaps i n  the r a t i o  o f  213 : 113. The mating 
faces o f  round t imber corbels and s t r i nge rs  are 
dressed t o  provide a minimum seat ing o f  200mm 
t rue  wood. This requires a scar f  t o  be c u t  a t  
each end o f  the s t r i nge rs  which should be kept  
as shallow as possib le t o  avoid c rea t i ng  a notch 
a t  the p o i n t  o f  maximum shear. The slope o f  the 
splay on the scar f  should be no greater  than 1 
i n  3 as shown a t  Figure 6. The upper face o f  
s t r i nge rs  i s  dressed t o  provide a seat ing f o r  
the decking planks and t h i s  usua l ly  var ies  i n  
width from 200mm t o  250mm. 

Bridge 

225 x 125 deck planks 7 7 

Wing wall Abutment Wing wall 
I 

FIGURE 5 - ELEVATION OF BRIDGE ABUTMENT 
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FIGURE 6 - FACINGS AND SEATINGS FOR ROUND 
TIMBER STRINGERS 

I 3.1.3 Decking 

Transverse deck p lanks  225mm x 125mm i n  s e c t i o n  
a r e  f i x e d  t o  t h e  t imber  s t r i n g e r s  w i t h  225 mm 
l o n g  spikes. I f  t r a f f i c  i s  a l lowed t o  r u n  
d i r e c t l y  on the  t imber  deck these sp ikes q u i c k l y  
work loose and the  decking becomes unserv iceable.  
The deck i s  t h e r e f o r e  sur faced w i t h  150mm o f  
waterbound gravel  topped w i t h  a t h i n  b i tuminous 
spray seal.  The gravel  suface d i s t r i b u t e s  
i n d i v i d u a l  wheel l oads  and avoids t h e  'hammer' 
e f f e c t  of v e h i c l e s  runn ing  d i r e c t l y  on t h e  
t imber. As the  t imber  deck p lanks d r y  o u t  they 
sh r ink  and gaps open up between i n d i v i d u a l  
members. These gaps l e a d  t o  a l o s s  o f  gravel  
and eventual b reak ing  up o f  t h e  road sur face.  
The standard way o f  p reven t ing  such gravel  l o s s  
was t o  p rov ide  t h i n  t imber  ba t tens  across each 
j o i n t ,  n a i l e d  t o  one s i d e  b u t  these ba t tens  were 
expensive t o  i n s t a l l  and were prone t o  r o t .  
More r e c e n t l y  t imber  decks have been covered 
w i t h  a g e o t e x t i l e  f a b r i c  p r i o r  t o  p l a c i n g  the  
gravel  su r face  and t h i s  has proved cheaper and 
e q u a l l y  e f f e c t i v e .  

A 300 x 150 t imber  kerb i s  p rov ided  a long each 
edge o f  t h e  deck. Th is  i s  seated on t o p  o f  t h e  
deck p lanks and b o l t e d  a t  i n t e r v a l s  t o  t h e  
t imber  s t r i n g e r  t o  p rov ide  edge s t i f f n e s s  as 
w e l l  as r e t a i n  the  gravel  su r face  as shown i n  
F igure  7. Timber pos ts  a r e  b o l t e d  t o  t h e  s i d e  
o f  the  kerb and t o  t h e  o u t s i d e  s t r i n g e r  t o  
p rov ide  suppor t  f o r  a  f l e x i b l e  g u a r d r a i l  and 
h i ~ n d r a i  1  . 

I 3.2 Timber P r o p e r t i e s  

I '  The main requirements f o r  b r i d g e  t imber  a r e  t h a t  
i t  i s :  

. a v a i l a b l e  i n  l a r g e  s izes.  . r e s i s t a n t  t o  d e t e r i o r a t i o n  by t h e  a c t i o n  
o f  f u n g i  and t e r m i t e s .  
r e s i s t a n t  t o  f i r e .  

FIGURE 7 - DETAILS OF KERB AND STRINGER 
BOLTING 

3.2.1 Timber Species 

The f o u r  species o f  t imber  n a t i v e  t o  Western 
A u s t r a l i a  which meet these c r i t e r i a  are:  

J a r r a h  - Eucalyptus marg inata 
Wandoo (White Gum)- Eucalyptus wandoo 
B lackbu t t ,  W. A. - Eucalyptus patens 
T ing le ,  Yel low - Eucalyptus g u i l  f o y l e i  

J a r r a h  i s  by f a r  the  most w i d e l y  used though 
cons iderab le  q u a n t i t i e s  o f  Wandoo were used i n  
t h e  past .  B l a c k b u t t  and Yel low T i n g l e  a r e  l e s s  
r e a d i l y  a v a i l a b l e .  Another t imber  used i n  t h e  
p a s t  was K a r r i  (Eucalyptus d i v e r s i c o l o r )  b u t  
t h i s  i s  l e s s  durab le  and very s u s c e p t i b l e  t o  
t e r m i t e  a t t a c k .  

3.2.3 A1 lowable Stresses 

The a l l o w a b l e  des ign s t resses  f o r  t h e  above 
species a r e  l i s t e d  i n  Table 11. The design o f  
1  ongi  t u d i  na l  s t r i n g e r s  i s  normal 1  y  governed by 
s t r e n g t h  i n  bending and t h e  a1 1 owabl e  s t resses  
i n  round t imbers  a r e  some 12.5% g r e a t e r  than 
these p e r m i t t e d  i n  sawn t imber  t o  a l l o w  f o r  t h e  
sma l le r  i n f l u e n c e  o f  n a t u r a l  de fec ts  on t h e  
s t r e n g t h  o f  round t imber .  

I n  Table I 1  a d i s t i n c t i o n  i s  made between design 
s t resses  and over load  s t resses  t o  t a k e  account 
o f  t h e  time-dependent p r o p e r t i e s  o f  t imber .  
Design s t resses  a re  used f o r  normal des ign loads  
whereas over load  s t resses  a re  used t o  determine 
t h e  c a p a c i t y  o f  a  b r i d g e  t o  c a r r y  i n f r e q u e n t  
over loads - ma in ly  abnormal v e h i c l e s  moving w i t h  
a spec ia l  s i n g l e  t r i p  permi t .  

I n  de te rmin ing  s t resses  i n  t imber  b r i d g e  members 
t h e  normal impact  al lowance f o r  moving v e h i c l e s  
i s  neglected.  



TABLE I 1  

MECHANICAL PROPERTIES FOR WESTERN AUSTRLAIAN TIMBERS 

ALLOWABLE STRESS MPa 

Timber Species Jarrah, WA B l a c k b u t t  K a r r i  , Y e l l  ow T i n g l e  Wandoo 

S t ress  Design Over1 oad Design Over1 oad Design Overload 

Bending i n  Sawn Timber 11 .O 16.5 13.8 20.7 16.5 24.8 
Bending i n  Round Timber 12.4 18.6 15.5 23.3 18.6 27.9 

Tension i n  Sawn Timber 11 .O 16.5 13.8 20.7 16.5 24.8 
Tension i n  Round Timber 12.4 18.6 15.5 23.3 18.6 27.9 

Shear 0.8 1.2 1.4 2.1 1.7 2.6 

Bear ing i n  P a r a l l e l  t o  Gra in 8.3 12.5 13.1 19.7 15.2 22.8 
Bear ing Perpendicu lar  t o  Gra in  3.4 5.1 4.8 7.2 6.2 9.3 

- -  

E l a s t i c  Modulus E (GPa) 11.7 14.5 16.5 

Densi ty  Green ( kg/m3) 1 120 1 200 1 280 

3.3 Cons t ruc t ion  Requirements 3.3.3 Shrinkage o f  Timber 

3.3.1 Sawn Timber 

Sawn t imber  i s  s p e c i f i e d  on t h e  b a s i s  o f  
AS2082-1979. Timber e x h i b i t s  g r e a t e r  shr inkage 
away f rom t h e  heartwood which causes i n d i v i d u a l  
members t o  bow. Q u a r t e r  sawn t imber  tends t o  
bow i n  bo th  p l a n  and e l e v a t i o n  whereas backsawn 
t imber  o n l y  bows i n  e l e v a t i o n .  Timber deck ing 
i s t h e r e f o r e  s p e c i f i e d  t o  be backsawn and p l  aced 
sapwood upermost so t h a t  t h e  bow i s  r e s t r i c t e d  
t o  t h e  v e r t i c a l  p lane  and deck p l a n k i n g  can be 
r e a d i l y  p u l l e d  down a t  the  ends by sp ikes.  The 
more durable t imber  i s  a1 so i n  c o n t a c t  w i t h  t h e  
s t r i n g e r s  so t h a t  t h e  onset  o f  r o t  a t  t h e  
i n t e r f a c e  i s  delayed. These d e t a i l s  a r e  
i l l u s t r a t e d  i n  F i g .  8. Timber i n  deck p lanks  i s  
r e q u i r e d  t o  be S t r u c t u r a l  Grade No 1.  

Hal fcaps a r e  h i g h l y  s t ressed  s t r u c t u r a l  members 
and they a r e  s p e c i f i e d  as S t r u c t u r a l  Grade No 
2. They a r e  f i x e d  w i t h  sapwood f a c i n g  outwards 
so t h a t  any bow can be c o r r e c t e d  by p u l l i n g  i n  
t h e  ends and so t h e  more durab le  t imber  i s  
l o c a t e d  on t h e  p i l e  seat ing.  

3.3.2 Round Timber 

The Department has i t s  own s p e c i f i c a t i o n  f o r  
un t rea ted  round t imber  and t h i s  de f ines  
permi ssabl e  defects ,  and permi ssabl e  to1  erances 
on s t ra igh tness ,  taper ,  diameter and leng th .  
Slow grown round t imber  i s  p r e f e r r e d  f o r  b r i d g e s  
as t h i s  has minimum sapwood and t h e  t r u e  wood i s  
more r e s i s t a n t  t o  b i o l o g i c a l  d e t e r i o r a t i o n .  
Such t imber  i s  becoming i n c r e a s i n g l y  hard  t o  
o b t a i n  and some form o f  p r e s e r v a t i v e  t rea tment  
may have t o  be adopted i n  t h e  f u t u r e  t o  extend 
t h e  l i f e  o f  p resen t  day t imber .  To o b t a i n  
maximum s t r e n g t h  f rom a l o g  t h e  sea t ing  f o r  t h e  
deck p lanks  i s  k e p t  as narrow as p o s s i b l e  (200mm 
t o  250mm) and i f  the  1 og i s  bowed i t  i s  p laced  
w i t h  t h e  sag downwards so t h e  maximum depth can 
be r e t a i n e d  a t  mid-span. 

Allowance must be made f o r  t h e  shr inkage o f  
t imber  t o  ensure proper  l o n g  term suppor t  a t  
seat ings.  Techniques adopted i n c l u d e  s l o t t i n g  
t h e  bot tom h o l e  i n  h a n d r a i l  pos ts  and ho les  
through p i l e s  used f o r  t h e  b o l t s  secur ing  
ha l f caps .  It i s  a l s o  necessary t o  p e r i o d i c a l l y  
t i g h t e n  t h e  nu ts  on b o l t s  secur ing  s t r i n g e r s  t o  
c o r b e l s  and ha1 fcaps, and kerbs t o  s t r i n g e r s .  
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FIGURE 8 - TYPES OF SAWN TIMBER 



3.4 Design P r a c t i c e  

The designs used f o r  t imber  b r i d g e s  have been 
standard ised f o r  a  number o f  y e a r s  b u t  i t  i s  
sometimes necessary t o  check t h e  l o a d  c a p a c i t y  
o f  e x i s t i n g  s t r u c t u r e s  and t h e  f o l l o w i n g  notes 
a r e  p a r t i c u l a r l y  r e 1  evant  t o  such 1  oad r a t i n g  
c a l c u l a t i o n s .  

3.4.1 Deck Planks 

Deck p lanks  a r e  analysed as cont inuous beams 
suppor ted by t h e  t imber  s t r i n g e r s .  They a r e  
designed f o r  se l f -we igh t ,  superimposed dead l o a d  
such as g rave l  pavement, and v e h i c l e  l i v e  load.  
I n d i v i d u a l  wheel l oads  a r e  assumed t o  a c t  on 
i n d i v i d u a l  p lanks  w i t h o u t  d i s t r i b u t i o n  t o  
ad jacen t  p lanks.  

3.4.2 Round Timber S t r i n g e r s  

Round t imber  s t r i n g e r s  a r e  designed f o r  
se l f -we igh t ,  superimposed dead l o a d  f rom t h e  
deck and v e h i c l e  l i v e  load.  Veh ic le  loads a r e  
d i s t r i b u t e d  t o  t h e  s t r i n g e r s  by t h e  t ransverse  
deck p lanks and t h e  p r o p o r t i o n  o f  v e h i c l e  l o a d  
c a r r i e d  by an i n d i v i d u a l  s t r i n g e r  i s  c a l c u l a t e d  
u s i n g  a  t o r s i o n  f r e e  g r i l l a g e  a n a l y s i s  which 
takes account o f  b o t h  t h e  t ransverse  s t i f f n e s s  
o f  t h e  deck p lanks  and the  l o n g i t u d i n a l  
s t i f f n e s s  o f  t h e  i n d i v i d u a l  s t r i n g e r s .  
D i s t r i b u t i o n  f a c t o r s  f o r  s t r i n g e r s  t y p i c a l l y  
vary f rom 0.20 t o  0.35 o f  t h e  v e h i c l e  load ing ,  
depending on t h e  l o c a t i o n  o f  t h e  v e h i c l e s  across 
t h e  w i d t h  o f  t h e  deck. 

I n  c :a lcu la t ing  t h e  s t r e n g t h  o f  i n d i v i d u a l  
s t r i n g e r s  an i d e a l i s e d  c i r c u l a r  s e c t i o n  i s  used 
hav ing  an average mid-span diameter o f  

1 where H and V a r e  d e f i n e d  i n  F i g u r e  7. When 
c a l c u l a t i n g  t h e  s e c t i o n  modulus o f  t h e  s t r i n g e r  
t h e  average diameter i s  reduced by 25 mm t o  
a l l o w  f o r  eventual  d e t e r i o r a t i o n  o f  t h e  sapwood 
as no p r e s e r v a t i v e  t rea tment  i s  app l ied .  

4. RECENT DEVELOPMENTS I N  DESIGN 

4.1 Re in fo rced  Concrete Decks 

The p a r t  o f  a  t imber  b r i d g e  most prone t o  
d e t e r i o r a t i o n  i s  t h e  t imber  deck and i n  t h e  p a s t  
i t  was standard p r a c t i c e  t o  redeck a  b r i d g e  a t  
l e a s t  once d u r i n g  i t s  l i f e .  The f o l l o w i n g  
fact:ors have now made redeck i  ng uneconomic : 

( i l  h e a v i e r  and f a s t e r  t r a f f i c  causing deck 
p lanks  t o  work loose ;  

( i i )  l e s s  durab le  t imber  now a v a i l a b l e  making 
more f requen t  redeck ing  necessary; 

( i i i  ) sawn t imber  deck p lanks  more expensive t o  
rep1 ace. 

To overcome these problems some r e c e n t  t imber  
b r i d g e s  have been cons t ruc ted  w i t h  r e i n f o r c e d  
concre te  decks i n s t e a d  o f  t h e  s tandard t imber  
p lank decks. The advantages o f  t h e  r e i n f o r c e d  

. c o n c r e t e  deck are:  

( i )  i t  i s  n o t  s u s c e p t i b l e  t o  r o t  and t e r m i t e  a t t a c k ;  

( i i  l t h e  s t r u c t u r a l l y  s t i f f e r  deck p rov ides  b e t t e r  
d i s t r i b u t i o n  of l o a d  t o  s t r i n g e r s ;  

( i i i  1 i t  i s  r e l a t i v e l y  wa te rp roo f  so t h a t  t imber  
s t r i n g e r s  and subs t ruc tu re  a re  p r o t e c t e d  f rom 
d e t e r i o r a t i o n .  

4.1.1 Concrete Deck on Timber S t r i n g e r s  

F i g u r e  9 shows a  des ign where t h e  t imber  deck 
p lanks  a r e  rep laced  w i t h  a  150 mm t h i c k  
r e i n f o r c e d  concre te  s lab .  The s l a b  i s  c a s t  on 
permanent formwork c o n s i s t i n g  o f  Bondek metal 
deck ing which i s  n a i l e d  t o  t h e  t i m b e r  
s t r i n g e r s .  T h i s  des ign r e t a i n s  t h e  t r a d i t i o n a l  
appearance o f  a  t imber  b r i d g e  and p l a c i n g  t h e  
r e i n f o r c e d  concre te  deck i s  a  s imple o p e r a t i o n  
which can be e a s i l y  handled by a  t imber  b r i d g e  
gang. 

,-F1118fabric ,- F1018 fabric 
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FIGURE 9 - CONCRETE DECK ON TIMBER STRINGERS 

4.1.2 Concrete Deck Cast D i r e c t  on Timber P i l e s  

F i g u r e  10  shows an a l t e r n a t i v e  des ign where a  
300 mm t h i c k  r e i n f o r c e d  concrete deck i s  c a s t  
d i r e c t l y  on to  t imber  p i l e s .  Th is  i s  a  more 
r a d i c a l  depar tu re  from t r a d i t i o n a l  t imber  
c o n s t r u c t i o n  and i s  i d e n t i c a l  t o  a  r e i n f o r c e d  
concre te  f l a t  s lab  b r i d g e  except  t h a t  t imber  
p i l e s  a r e  s u b s t i t u t e d  f o r  t h e  more usual s t e e l  
o r  concre te  p i l e s .  A t  s i t e s  where round t imber  
p i l e s  a r e  r e a d i l y  a v a i l a b l e  i t  can p r o v i d e  a  
very economical form o f  c o n s t r u c t i o n .  Typ ica l  
spans a r e  6.0 m  t o  7.5 m. 
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1 4.2 PlywoodDecks 

Plywood panels have recent ly  become ava i lab le  i n  
thicknesses up t o  200 mm and some road 
a u t h o r i t i e s  are experimenting w i t h  t h i s  as an 
a l t e r n a t i v e  deck mater ia l  It has not  so f a r  
been used by the Main Roads Department i n  
Western Aus t ra l i a  bu t  could be used a t  remote 
s i t e s  where concrete i s  no t  r e a d i l y  ava i lab le .  
The plywood can be pressure t rea ted against  
b io log i ca l  at tack and does not  s u f f e r  from 
s i g n i f i c a n t  shrinkage. I t s  behaviour under 
t r a f f i c  would need t o  be evaluated before using 
i t  extensively.  Treated plywood could a1 so be a 
useful  replacement f o r  sawn t imber i n  the 
sheeted abutments. 

/ 5. MAINTENANCE 

I 
I Timber used f o r  the o lder  bridges i n  Western 
I Aus t ra l i a  has proved t o  very durable and a 1 i f e  

o f  f i f t y  t o  s i x t y  years was qu i t e  common. Since 
1950 the a v a i l a b i l i t y  o f  slow grown and h igh l y  
durable t imber has decl ined and some bridges 
b u i l t  dur ing  the 1950's and 1960's are already 
experiencing serious decay. Because o f  t h e i r  
h igh  d u r a b i l i t y  the older br idges seldom 
suf fe red s t ruc tu ra l  f a i  1 ure bu t  general ly  became 
substandrad because o f  poor road geometry. It 
was there fore  normal t o  replace such bridges on 
a new alignment o r  w i th  b e t t e r  geometry ra the r  
than r e p a i r  them. Now t h a t  t imber bridges are 
s u f f e r i n g  fas te r  s t ruc tu ra l  decay more resources 
are having t o  be a l located t o  major maintenance. 

5.1 Forms o f  Deter io ra t ion  

Deter io ra t ion  o f  t imber br idges mainly occurs 
due t o  b io log i ca l  a t tack  by fungi, te rmi tes  and 
marine borers. The s t ruc tu ra l  components most 
a f f ec ted  are the deck, the sheeted abutments and 
the p i l e s  j u s t  below ground l i n e .  

5.2 Maintenance o f  Timber Decks 

gravel pavement. As we l l  as causing r o t  i n  deck 
planks the moisture penetrates around the spikes 
and i n t o  the top o f  the s t r i nge rs  where f u r t h e r  
r o t  causes the spikes t o  gradual ly  work loose. 
The process i s  accelerated by poor drainage o f  
the deck due t o  blocked scuppers. The l i n e  of 
r o t  along the seat ing f o r  the deck planks on the 
top o f  the s t r i nge rs  makes i t  d i f f i c u l t  f o r  new 
spikes t o  ho ld  new deck planks i n  pos i t ion .  
Because o f  t h i s  the Main Roads Department have 
developed a technique f o r  r e p a i r i n g  decks w i t h  
concrete overlays. 

5.2.1 Concrete Over1 ays 

Where the running surface o f  a br idge deck 
con t i nua l l y  breaks up and potholes under t r a f f i c  
due t o  l oss  o f  gravel through the t imber deck 
bu t  the br idge i s  otherwise sound i t  i s  now 
standard p rac t i ce  t o  upgrade the br idge w i th  a 
concrete overlay. The gravel paving i s  removed 
from the t imber deck, any broken deck planks are 
rep1 aced, the remaining p l  anks are p u l l  ed down 
onto the s t r i nge rs  w i th  add i t iona l  spikes and a 
re in forced concrete over l  ay i s  cas t  d i r e c t l y  on 
the t imber deck. De ta i l s  o f  a t y p i c a l  concrete 
over lay are shown i n  Figure 11 and pressleyl has 
described the technique i n  d e t a i l .  Expansion 
j o i  n t s  were o r i g i  nal l y  p rov i  ded over br idge 
p ie rs  a t  every f o u r t h  span bu t  the spacing was 
gradual l y  increased u n t i l  today when over l  ays up 
t o  80 m i n  length  have been constructed w i th  no 
expansion j o i n t s .  A groove i s  c u t  w i t h  a 
diamond saw over every p ie r ,  however, t o  a c t  as 
a crack cont ro l  j o i n t .  Some o f  the expansion 
j o i n t s  on ea r l y  overlays have since f a i l e d  by 
the over l  ay peel i ng away from the t imber deck. 
These f a i l u r e s  have been repa i red  by c u t t i n g  
back the over lay 1 m on e i t h e r  s ide o f  the 
j o i n t ,  lapping new re in fo rc ing  mesh over the 
exposed o r i g i n a l  mesh, and making the over l  ay 
continuous over the former j o i n t s .  
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5.3 Maintenance o f  Timber P i l e s  6. CONCLUSION 

Tn r e c e n t  years  i n c r e a s i n g  numbers o f  t imber  
p i l e s  have f a i l e d  due t o  r o t  a t  o r  j u s t  below 
ground 1 i n e .  Unless detected d u r i n g  a r o u t i n e  
i n s p e c t i o n  f a i l u r e  o n l y  becomes apparent when 
t h e  deck s e t t l e s  due t o  c rush ing  o f  t h e  r o t t e d  
t imber  i n  t h e  p i l e .  The method o f  r e p a i r  i s  t o  
f ? i  t h e r  d r i v e  another p i l e  a longside ( u s u a l l y  a  
s t e e l  s e c t i o n )  o r  rep lace  t h e  r o t t e d  s e c t i o n  o f  
p i l e  w i t h  a r e i n f o r c e d  concre te  s p l i c e  as shown 
i n  F i g u r e  12. These methods o f  r e p a i r  a re  
expensive and var ious  techniques a re  now being 
i n v e s t i g a t e d  f o r  t h e  i n s i t u  t rea tment  o f  p i l e s  
w i t h  p r e s e r v a t i v e  t o  s top f u r t h e r  decay be fo re  
f a i l u r e  occurs. Methods be ing  t r i e d  i n c l u d e  
wrapping w i t h  f u n g i t o x i c  bandages and i n j e c t i n g  
d i f f u s i b l e  t o x i c  compounds o f  chemicals such as 
copper, f l u o r i n e  and boron i n t o  ho les  d r i l l e d  
i n t o  t h e  p i l e s  a t  ground l i n e .  
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lOOmm centres. 

Timber has proved a p r a c t i c a l  and economic 
m a t e r i a l  f o r  t h e  c o n s t r u c t i o n  o f  b r i d g e s  i n  t h e  
South West o f  Western A u s t r a l i a  f o r  a  p e r i o d  o f  
some one hundered and f i f t y  years  and p resen t  
i n d i c a t i o n s  a r e  t h a t  i t  w i l l  con t inue  t o  be used 
i n  t h e  f u t u r e .  

Now t h a t  l e s s  durable t imber  i s  be ing  used some 
form o f  s e l e c t i v e  p r e s e r v a t i v e  t rea tment  i s  
j u s t i f i e d  f o r  t h e  t imber  members most prone t o  
decay. 

Because o f  t h e  h i g h  replacement c o s t  o f  t imber  
b r i d g e s  t h e r e  i s  a  need t o  i n v e s t  more 
eng ineer ing  resources i n t o  developing new 
techniques f o r  t h e  maintenance and s t reng then ing  
o f  e x i s t i n g  b r idges .  
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FIGURE 12 - CONCRETE SPLICE FOR TIMBER PILES 


